. Shift work also had serious harmful effects on nurses' performance and wellbeing (de Cordova et al., 2016; Dall'Ora, Ball, Recio-Saucedo, & Griffiths, 2016) .
Scientific evidence indicates that the negative consequences of shift work are associated with poor sleep quality. Lin, Liao, Chen, and Fan (2014) reported that poor sleep quality is a significant predictor of nurses' poor self-perceived health status, and Niu et al. (2011) argued that the poor sleep quality of shift workers results in chronic fatigue, which leads to reduced work performance. Poor sleep quality has also been identified as a significant predictor of the occurrence of nursing errors in hospitals (Rahimian & Ghodrati, 2013) . Poor sleep quality may undermine nurses' job performance and threaten patients' safety.
Although poor sleep quality is thought to be associated with poor nurse performance, little knowledge exists about the association between sleep quality and nurse performance -specifically, nurse productivity -in the literature (Welton & Harper, 2015) . Nurse productivity refers to the degree to which nurses contribute to nursing outcomes (Cho, Choi, Jeon, & Jung, 2015) ; it is a comprehensive concept that includes not only the efficiency of nursing service but also its effectiveness (Cho et al., 2015) . Efficiency is doing things right, and effectiveness is doing the right things (Keh, Chu, & Xu, 2006) . Nurse productivity includes goal achievement for the organization, reduction in costs, provision of high-quality service, professional growth, accomplishing a large amount of work with accuracy, prevention of turnover, and reduced absenteeism (McNeese-Smith, 1996) . In other words, a high level of clinical nurse productivity contributes to the hospital attaining its goals, ensures that nursing standards are met with reduced nursing errors, leaves no care task undone, improves the effectiveness of nursing care, reduces turnover, and decreases absenteeism.
Given that poor sleep quality may decrease nurses' job performance, nurses with poor sleep quality may do fewer tasks correctly or do less with the same resources. Scientific scrutiny to determine the association between sleep quality and nurse productivity is thus required.
Nurses' poor sleep quality may decrease their productivity in the nursing practice, threatening patient safety and impeding nursing care outcomes (de Cordova et al., 2016; Rahimian & Ghodrati, 2013) .
A deeper understanding of the association between sleep quality and nurse productivity will provide insight into how to improve nurse productivity, leading to consensus between nurse managers and clinical staff nurses.
However, there is a lack of empirical evidence on whether poor sleep quality is associated with nurse productivity. The components of sleep quality that are more associated with nurse productivity are also unknown.
| Aims
This study was thus designed to identify the prevalence of poor sleep quality in clinical nurses, score the components of sleep quality and assess the scores, explore the association between sleep quality and nurse productivity, and identify significant factors predicting nurse productivity.
| ME THODS

| Design
We conducted a cross-sectional survey and applied correlational and predictive logic to determine the association between sleep quality and nurse productivity.
| Participants
Two-hundred and thirty (95.83%) out of a total of 240 nurses working in five medium-and small-sized hospitals (ranging from 230 to 700 beds) in South Korea were recruited through convenience sampling. Data collection was made in May 2014 via a self-report questionnaire. Out of 230 questionnaires, 188 (81.73%) were used for data analysis; 42 were excluded due to substantial inadequate responses. The sample size of 188 satisfied an estimated minimum requirement of 166 to ensure statistical significance, as substantiated before the survey by G*Power 3.0 for Windows (effect size, .15; α error probability, .05; power, .90; the number of predictors, 14).
| Ethical considerations
We first contacted the directors of the nursing departments at two small hospitals (fewer than 200 beds) and three medium-sized hospitals (over 500 beds) in Korea, explained the study's purpose and survey contents, and asked for their cooperation to allow nurses to participate in this study. All participants were asked to participate voluntarily in the study via self-report questionnaires distributed by each nurse director. All participants were asked to complete and return a signed, written consent form, which was attached to the first page of the questionnaire, after carefully reading about and understanding the study's aim, confidentiality, anonymity, and the freedom to withdraw at any time without penalty. A small incentive of about $2 was also provided to each participant. The study was approved by the Institutional Review Board (IRB) of Jeju National University.
| Measures
| Sleep quality
The Pittsburgh Sleep Quality Index (PSQI) (Buysse, Reynolds, Monk, Berman, & Kupfer, 1989 ) was used. It was verified to be a standardized instrument with satisfactory reliability and validity and was also proven to be an effective measure for discerning between "good sleep" and "bad sleep" (Buysse et al., 1989) . The PSQI consists of seven components: subjective sleep quality (one item), sleep duration (one item), sleep latency (two items), habitual sleep efficiency (two items), use of sleeping medication (one item), daytime dysfunction (two items), and sleep disturbances (nine items) over the previous month (Buysse et al., 1989) . Each component score was recalibrated to range from 0-3, and a global score of sleep quality was produced by adding all seven component scores (Buysse et al., 1989) . The higher the score, the worse the sleep quality (Buysse et al., 1989) . However, questions to evaluate a patient's bedmate or roommate in the original instrument (Buysse et al., 1989) were excluded considering that the participants of the study were nurses sleeping at home. The PSQI had a good internal consistency, with a Cronbach's alpha of 0.83 (Buysse et al., 1989) and 0.73 in our study.
| Nurse productivity
Nurse productivity was measured with an instrument developed by McNeese-Smith (1996) and translated by Lee (2001) . The nurse productivity instrument consists of 15 items and measures nurses' perceptions of their own productivity (McNeese-Smith, 1996 ).
The items include the level of goal achievement, lowering the cost of resources, and meeting nursing standards and deadlines, working hours, and sick leave (McNeese-Smith, 1996) . It was measured using a five-point Likert scale ranging from 1 (strongly disagree) to 5 (strongly agree) (Lee, 2001) . The higher the score, the higher the nurse productivity (Lee, 2001 ). Satisfactory internal consistency was reported with a Cronbach's alpha of 0.90 (Lee, 2001 ) and 0.91 in this study.
| Statistical analysis
Data analyses were performed in 2016 using Statistical Analysis System (SAS) software version 9.4. Descriptive statistics, t tests, and ANOVA for comparing nurse productivity by demographic characteristics were conducted first, and then Pearson's correlation and stepwise multiple regression were used to investigate the association between sleep quality and nurse productivity.
| RE SULTS
| Participants' characteristics
The majority of the 188 nurses were female (n = 182, 96.8%), under 30 (n = 96, 51.1%), unmarried (n = 106, 56.4%), and had graduated from junior college (n = 104, 55.3%). The mean (standard deviation, SD) of their average age was 30.84 (±7.08), ranging from 22 to 51.
Most of the nurses were staff nurses (n = 161, 85.6%) and shift workers (n = 138, 73.4%), including the night shift (n = 132, 70.2%). More than half of the nurses (n = 106, 56.4%) had worked for more than five years. Table 1 provides the study participants' specific demographic information. Indicates that a significant difference in nurse productivity between groups was present.
TA B L E 1 Participants' characteristics and comparison of nurse productivity
| Nurse productivity by participants' characteristics
Nurse productivity had a mean (SD) of 48.60 (± 7.13). Productivity significantly differed based on the participants' characteristics except for gender. Nurses who were over 40 years of age (p < .001), married (p < .001), and had at least a BSN (p < .001) were more likely to show higher productivity compared to the other groups. With regards to work-related characteristics, nurses who had a working period of five years or more (p < .001), a position of charge nurse or above (p < .001),
non-shift work (p < .001), and the non-night shift (p < .001) reported higher productivity than the other groups. However, no significant differences between the groups by gender existed (Table 1) .
| Sleep quality
Most nurses (n = 150, 79.8%) reported poor sleep quality, which is supported by our study's finding of a global sleep quality score of 5 or more (Buysse et al., 1989) , i.e., a mean (SD) of 7.18 (± 2.98) (Tables 1 and 2 Table 2) .
| Correlations with nurse productivity
The seven components comprising sleep quality -subjective sleep quality (SQ1), sleep latency (SQ2), sleep duration (SQ3), habitual sleep efficiency (SQ4), sleep disturbances (SQ5), use of sleeping medication (SQ6), and daytime dysfunction (SQ7) -as well as global sleep quality (GSQ), showed correlation coefficients of < 0.80 with nurse productivity. This supports the presence of independence among each indicator. Specifically, nurse productivity had statistically significant negative correlations (p < .05) with subjective sleep quality (SQ1), sleep latency (SQ2), habitual sleep efficiency (SQ4), sleep disturbances (SQ5), daytime dysfunction (SQ7), and global sleep quality (GSQ) ( Table 3) .
| Factors predicting nurse productivity
Stepwise multiple regression was conducted to determine the predictive factors of nurse productivity. variance inflation factors ranged from 1.14 to 2.12. Eleven potential significant predictors with a p value of <.15 were included in this stepwise regression (Kim, 2003) . (Table 4) . work is necessary to achieve timely, effective, and safe patient care without interruption. However, poor sleep quality caused by shift work may significantly impede nurse productivity (Kunert, King, & Kolkhorst, 2007) . This study is the first to identify the influences of sleep quality components on nurse productivity, which can provide nurse managers with scientific information about the importance of a worksite programme for alleviating nurses' poor sleep quality.
| D ISCUSS I ON
First, the majority (n = 150, 79.79%) of the Korean clinical nurses working in medium-and small-sized hospitals had poor sleep quality, indicated by their global sleep quality scores of 5 or more (7.18, ± 2.98). The study finding is alarming because Korean clinical nurses had a much higher poor sleep prevalence compared to nurses in other countries: 33% of the female nursing staff in Germany (Kunzweiler et al., 2016) ; 57% of female shift workers in Taiwan (Shao et al., 2010) , and 65.1% of Brazilian nurses had poor sleep quality (Palhares, Corrente, & Matsubara, 2014) . Korean nurses also had a higher prevalence of poor sleep compared to the urban population in Iran, 37% of whom reported poor sleep quality (Asghari, Farhadi, Kamrava, & Ghalehbaghi, 2012) .
The high prevalence of poor sleep quality among Korean clinical nurses might be attributed to difficult working conditions, including a lack of nursing staff, excessive workload, and long working hours.
The shortage of nurses in practice is particularly serious in Korea:
the number of nurses per 1000 people (5.6) is about half the average number given by the Organization for Economic Cooperation and Development (OECD) in 2014 (9.1) (OECD, 2017) . This discrepancy may explain why more Korean nurses are suffering from sleep problems. The nurse staffing level is especially poor in medium-and small-sized hospitals in Korea (Cho et al., 2016) . The evidence that long shift length is no longer a statistically significant predictor of patient safety considering nurse staffing levels (Ball et al., 2017) strongly suggests that a viable solution to alleviate clinical nurses' sleep problems resides in providing an adequate nursing workforce.
This finding also showed a high mean global sleep quality score of 7.18 (± 2.98). Previous studies also reported that nurses had a much higher mean (±SD) global sleep quality score than the general population: 7.28 (± 3.56) for Turkish nurses (Karagozoglu & Bingöl, 2008 ) and 7.3 (± 3.6) for Brazilian nurses (Palhares et al., 2014) versus 4.20 (± 2.67) to 5.60 (± 3.74) for the general population (Asghari et al., 2012) .
The results also showed that working the night shift might significantly contribute to nurses' poor sleep quality. Night-shift nurses had higher scores than day-shift nurses: 7.96 (± 3.42) for night-shift nurses versus 6.29 (± 2.82) for day-shift nurses (Surani, Hesselbacher, Guntupalli, Surani, & Subramanian, 2015) . It was also reported that night-shift work was associated with serious poor sleep quality even after adjustment for age (Palhares et al., 2014) . (Minowa et al., 2001) , and Iran's urban population (Asghari et al., 2012) .
Third, this study showed that shift work has a significant influence on nurse productivity (β = −0.20) and that the effect of shift work on nurse productivity was greater than that of sleep quality.
This is in line with the observation that shift work is associated with poor sleep quality (de Cordova et al., 2016; Keller et al., 2009; Sallinen & Kecklund, 2010) . Shift workers who slept during the day experienced an increase in cortisol secretion, which can diminish the healing power of sleep (Niu et al., 2011) . A disturbed circadian rhythm caused by shift work has been associated with various mental / physical problems, which may negatively impact work performance and productivity (Niu et al., 2011) . Sallinen and Kecklund (2010) thus suggested that a change from slowly backward-rotating shifts to rapidly forward-rotating shifts is advantageous for alertness and better sleep quality, to some degree, because a change from an 8-to 12-hour shift system does not necessarily result in impairments in the sleep-wake pattern. Shift work is inevitable for nurses but it is necessary to find a better shift-work pattern to improve sleep quality and consequently increase nurse productivity. Further research is necessary to (1) navigate optimal shift work scheduling, and (2) determine whether the modification of the shift work schedule enhances sleep quality and nurse productivity (Chan, 2009; Hsieh et al., 2011) .
Fourth, sleep disturbances and poor subjective sleep quality were also significantly associated with lower nurse productivity even after adjustment for age and shift work. This result is in line with Rosekind et al.'s (2010) report that groups with sleep problems had significantly worse productivity and performance. The finding has implications for nursing practice in that efforts to improve sleep quality and decrease sleep disturbances will contribute to improve nurse productivity. In this regard, napping before or during a night shift may be beneficial for nurses in terms of improved sleep quality / efficiency, leading to improved alertness, vigilance, and critical thinking (de Cordova et al., 2016; Matsumoto, Lee, Tozato, Gennai, & Shiihara, 2014) . However, in terms of napping, a lack of consensus on timing, duration, or work schedule exists in the literature; thus, further research to verify the efficacy and effectiveness of napping is warranted (de Cordova et al., 2016) . A worksite healthy sleep programme would also be helpful for promoting healthy sleep and enhancing nurse productivity (Steffen et al., 2015) .
The effect of sleep latency on nurse productivity should be discussed in future studies. Generally, longer sleep latency had a negative effect on sleep quality (Clark & Landolt, 2017) . In this study, the score of 1.79 (± 0.89) for sleep latency was the highest among the seven components of sleep quality. The results indicated that longer sleep latency was correlated with a higher score for global sleep quality (r = .68, p < .001) and lower nurse productivity (r = −.16, p < .05) (see Table 3 ). However, sleep latency showed a positive standardized coefficient of .13 in the stepwise regression model, indicating no statistical significance, although it was close to statistical significance (p = .066). This might be explained by the unknown interactions between explanatory variables in the regression model (Tabachnick & Fidell, 2013) . Further studies to uncover the dynamics of the variables are therefore warranted.
| LIMITATI ON S AND RECOMMENDATI ON S FOR FUTURE RE S E ARCH
This study provides important evidence about the association between sleep quality and nurse productivity. However, it has several limita- McNeese-Smith's (1996) instrument or establish a new instrument to measure nurse productivity to provide a more sophisticated analysis reflecting the complexity in the current health care system.
| IMPLI C ATI ON S FOR N UR S ING MANAG EMENT
Sleep problems in nurses should no longer be overlooked because they may cause a knock-on negative effect leading to lower nurse productivity, causing poor quality of care, and eventually undermining patient safety and nursing care outcomes. Nurse leaders and executives need to be mindful that poor sleep quality in nurses is serious and prevalent, and they need to seek viable measures to alleviate it. Desirable characteristics of a hospitable work environment include (1) optimum nurse staffing levels where the needs of nurses, patients, and stakeholders are all met (Park, 2017) ; (2) healthy shiftwork rotation -a longer shift work cycle interval, a longer break after night shift work (Sallinen & Kecklund, 2010) , and a clockwise scheduling order (Niu et al., 2017; Sallinen & Kecklund, 2010) ; (3) nurses'
should be able to nap before / during a night shift (de Cordova et al., 2016) ; and (4) a nurse-customized healthy sleep programme (Steffen et al., 2015) . These measures can decrease sleep disturbance, improve subjective sleep quality, and enhance nurse productivity.
| CON CLUS ION
This study found that the problem of poor sleep quality is very prev- Such an effort will enable nurses to provide a better quality of care with fewer resources, leading to higher value-based nursing care.
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